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ABSTRACT 
  
A histology study was conducted in the investigation of the anatomy of Aquilaria 
malaccensis cell structures and the organelles existing in the plant system to seek for 
the correlation between the cell structure and the response of resin secretion and 
accumulation in the plant cell system. Light microscopy was used in the study due 
to its simplicity in the sample preparation and the power of visualization gave a 
clear image of the cell structure. The xylem cell structure was investigated under 
light microscope to seek for the answer of the agarwood resin formation and 
accumulation in the A. malaccensis caused by the responses of the cells towards the 
defense system trigged by an injury or the invasion of microbes. 
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ABSTRAK 
 
Kajian histologi telah dijalankan ke atas anatomi struktur sel dan organel Aquilaria 
malaccensis yang wujud dalam sistem pokok tersebut untuk mengkaji hubungan 
antara struktur sel dan tindakbalas rembesan dan pengumpulan resin dalam sistem 
sel tumbuhan. Dalam kajian ini, mikroskop cahaya telah digunakan berdasarkan 
kepada cara penyediaan sampel yang mudah dan kuasa visualisasi struktur sel yang 
jelas. Sel xilem telah dikaji dengan menggunakan mikroskop cahaya bagi 
memahami penghasilan dan pengumpulan resin gaharu dalam A. malaccensis 
disebabkan oleh rangsangan terhadap sistem pertahanan yang terpicu oleh 
kecederaan atau infeksi mikrob.  
 
Kata kunci: Aquilaria malaccensis, pembentukan resin, sel xilem  
________________________________________________________________ 
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INTRODUCTION 
 
Aquilaria spp. is a tropical forest tree and the principal source of agarwood. 
Agarwood is a fragrant wood that contains resin known as gaharu or oud. Agarwood 
is priceless due to its resin content (Barden et al., 2007). The trade in agarwood, 
resin deposits of which are found in tree species of the genera Aquilaria and 
Gyrinops, dates back 2000 years and meets the cultural, medicinal and religious 
needs of societies from the Middle East right across Asia to China (including Hong 
Kong and Taiwan) and Japan (Lim and Noorainie, 2010). It is also used in the 
production of high-grade incense and perfumes. Unfortunately, the demand for 
agarwood currently far exceeds the available supply which is naturally restricted 
owing to the nature of its formation. Agarwood is also found in a small percentage 
of Aquilaria trees, of those species known to produce it (Barden et al., 2007). 
Moreover, the conventional methods to induce resin production in agarwood do 
not give a promising result due to a lack of understanding of the plant structure 
and plant response system (Liu et al., 2013).  
In this study, the investigation of the anatomy of Aquilaria malaccensis cell 
structures and the organelles existing in the plant system was carried out to study 
the correlation between the cell structure and the resin secretion and accumulation 
mechanism in the plant cell system (Becerra et al., 2001). Light microscopy was 
used in the study due to its simplicity in the sample preparation, where fresh 
samples can be visualized directly under the microscope. Besides, the power of 
visualization of the light microscopy gave a clear image of the cell structure. The 
xylem cell structure was chosen to be studied in this case based on the histology 
study in conifer (Hudgins and Franceschi, 2004), the structure of ray parenchyma 
cell, vessel elements and tracheids in the xylem are believed to be responsible for 
the secretion and the accumulation of resin in conifers.  Based on the similarity of 
response of both the Aquilaria and conifer, where resin was produced as the 
secondary metabolite whenever the plant system has been triggered (Hudgins and 
Franceschi, 2004), we strongly believe that the resin secretion and accumulation 
can be detected or visualized in the cell structure of the Aquilaria. This information 
will help us to seek for the answer of the agarwood resin formation and 
accumulation in the A. malaccensis caused by the responses of the cells towards the 
defense system trigged by an injury or the invasion of microbes (Lewinsohn et al., 
1991).  
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MATERIALS AND METHODS 
 
Preliminary Preparation 
 
Samples were cut into a radial thickness of 1 cm. Samples were split with a blunt 
knife along the radial and tangential planes so as to make blocks approximately 8 
mm X 8 mm (Ju-Kyeong, 2012). 
 
Softening and Embedding 
 
Dry wood of average hardness was softened by immersion in boiling water for 1-2 
hours or in a mixture of 96% alcohol, water and glycerin in volume proportions 
1:1:3. Wood from living trees was sectioned without softening (Ju-Kyeong, 2012). 
 
Sectioning 
 
Sliding microtome was used to produce good sectioned cuts of all the indigenous 
species. Wedge-shaped blades were used to produce good sections. A perfect blade 
sharpness is indispensible for the production of thin sections of agarwood in which 
the secondary cell wall tends to detach from the primary wall (Ju-Kyeong, 2012).  
 
Microscopic Study 
 
In this study, a light microscope (Fisher Scientific) with the lens power of 4X, 10X, 
40X and 100X was used to investigate the cell structure of A. malaccensis. 
 
 
RESULTS AND DISCUSSION 
 
Agarwood Oleoresin Visualized under Light Microscopy 
 
Agarwood is the product of the secondary metabolite of Aquilaria woody plants 
(Ryan and Moura, 2002). The image of the illuminated agarwood specimen under 
light microscope with the magnification of 4X showed clearly the cell structure of 
the woody plant including the xylem, phloem, cambium, bark and vessel element 
(Fig. 1). Based on the anatomy of the A. malaccensis stem shown in Figure 1, the A. 
malaccensis belongs to the dicotyledonous group due to the organised phloem, 
cambium and xylem structure in concentric circles. Besides, the microscopic 
structure of the sapwood with numerous vessel elements for water transport 
determines the A. malaccensis is a hardwood type of tree (Blanchette, 1992). 
The xylem structure of Aquilaria malaccensis is the most interesting part to 
study in this case due to its contribution to the gaharu oleoresin formation and 
accumulation in this structure. Anatomy of the secondary xylem of A. malaccensis 
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observed under light microscope with a magnification of 10X (Fig. 2) showed even 
larger and clear image of the cell structure including vessel elements, ray 
parenchyma cells and tracheids (Blanchette, 1992). The main function of the vessel 
element in xylem is used for the water transporting system in the plants where they 
occur. Vessels form an efficient system for transporting water and other necessary 
minerals from the root to the leaves and other parts of the plant (Blanchette, 1992).  
 
 
 
 
Fig. 1. The light microscopy cross section image of the agarwood with 4X 
magnification. A: xylem, B: phloem, C: cambium, D: cork, E: vessel element, F: 
pith, and G: sapwood. 
 
 
Anatomical responses of xylem cells to injury and invasion by microbes 
clearly function for protection (Ryan and Moura, 2002). The defence system of the 
A. malaccensis plant is produced as a mechanism for resistance or a response to 
maintain sapwood function and to prevent the entrance of air and loss of moisture 
as well as a barrier to microbes (Blanchette, 1992). The first microscopically visible 
change that occurs within the xylem at the time of wounding is the formation of 
the new thick-walled xylem cell as a barrier to separate the decayed or wounded 
wood from new formed cells (Blanchette, 1992). In some tree species such as A. 
malaccensis, these barrier walls are not always effective and often caused collapse, 
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separation and fragmentation of the cells due to the continuous invasion of 
microbes or mechanical wounding (Fig. 2).  
 
 
              
 
Fig. 2. Comparison of the unwounded and wounded xylem cell structures in 
Aquilaria malaccensis with 10X magnification. A: unwounded xylem (W: vessel 
element, X: ray parenchyma cell and Y: tracheid). B: wounded xylem (W: vessel 
element, X: ray parenchyma cell, Y: tracheid and Z: cell collapse and 
fragmentation). 
 
In Aquilaria species, a resin boundary established by cells formed after the 
injury known as the compartmentalization of the decayed wood act as a new 
barrier which establishes at greater depth and distance from the wound once again 
to compartmentalize the defect (Blanchette, 1992). This is a significant variation of 
the Aquilaria species from others in the production of barriers that effectively 
compartmentalize injuries and infections. Histological investigations have shown 
that heavy resin impregnation after infection or wounding is a typical response in 
the xylem of A. malaccensis (Fig. 3).  
Wounding and infection induced terpenes of the resin accumulation in the 
xylem of A. malaccensis, the role of diterpenes was indicated as a nontoxic 
waterproofing layer that acted as the physical barrier, whereas the monoterpenes 
and sesquiterpenes acted as toxic chemical agents (Yamada, 1992). Several 
observations support the view that resin is produced in ray parenchyma after injury 
or infection. In induced A. malaccensis, all affected xylem parenchyma cells 
synthesized excessive resin and secreted it through pits into tracheids (Morrissey 
W 
X 
Y 
X 
W 
Y 
Z A B 10X magnification 10X magnification 
82/ J. Agrobiotech. Vol. 5, 2014, p. 77-83. 
 
and Osbourn, 1999). Figure 3 shows the observation of the resin-filled tracheids 
and the lumina of separated cells filled with resin under light microscope with the 
magnification of 10X. 
 
              
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Compartmentalization of wounded xylem by resin gaharu in Aquilaria 
malaccensis with 10X magnification. (W: vessel element, X: ray parenchyma cell, Y: 
tracheids, and Z: collapsed cell and fragmentation filled with resin). No color 
staining was applied in this study. The brownish color in Figure 3 was the natural 
color of agarwood resin. 
 
 
CONCLUSION 
 
The anatomy of the cell structure of Aquilaria malaccensis can be visualized clearly 
under light microscopy. Based on the observations, A. malaccensis is a hardwood 
tree belonging to the dicotyledonous group. The xylem structures of the plant were 
responsible for the resin production in A. malaccensis, via compartmentalization 
process trigged by an injury or invasion of microbes. The significance of this study 
showed that once the Aquilaria plant has been injured, the plant defence system 
will be triggered and the cell structures will respond to form the new thick-walled 
xylem cell as a barrier to separate the wounded site. However, if the injury 
continues and causes collapse of the cells, the resin boundary will be established as 
the new barrier to compartmentalize the defect. As a result, the secretion and 
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accumulation of agarwood resin in Aquilaria malaccensis plays a major role in the 
compartmentalization process in the plant defence system. 
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